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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for evaluating a 
single-crystal ingot, capable of accurately inferring a profile of oxygen 
concentration In the ingot, while leaving the ingot as It Is, and dealing 
with a local change of the concentration, and to provide a method for 
cutting the ingot using the same. 

SOLUTION: The method for evaluating the single-crystal Ingot 
comprises the steps of cylindrically grinding the single-crystal Ingot 20, 
then introducing Infrared rays 6 from the lateral direction of the ingot 20, 
while leaving the ingot 20 as it is, and measuring the oxygen 
concentration in the ingot 20 from its absorption. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The evaluation approach of the single crystal ingot which carries out incidence of the infrared radiation from the 
longitudinal direction of a single crystal ingot, and is characterized by measuring the oxygen density in a single crystal ingot from the 
absorption with a single crystal ingot after carrying out cylindrical grinding of the single crystal ingot. 

[Claim 2] The evaluation approach of the single crystal ingot according to claim 1 which measures the oxygen density in a single 
crystal ingot with infrared-absorption-spectrum equipment (IR) or Fourier transform infrared-absorption-spectrum equipment (FTIR). 
[Claim 3] The (b) single crystal ingot state after being the cutting process of the single crystal ingot cut from a single crystal ingot to 
the ingot segment for slicing and carrying out cylindrical grinding of the (a) single crystal ingot. Carry out incidence of the infrared 
radiation from the longitudinal direction of a single crystal ingot, and an oxygen density is measured from the absorption, (c) Cutting 
process of the single crystal ingot characterized by cutting only tiie part which suits a predetermined oxygen density as an ingot 
segment for slicing from the data of the oxygen density obtained according to the process (b). 

[Claim 4] Cutting process of the single crystal ingot according to claim 3 which measures the oxygen density in a single crystal ingot 
with infrared-absorption-spectrum equipment (IR) or Fourier transform infrared-absorption-spectrum equipment (FTIR). 
[Claim 5] Cutting process of the single crystal ingot according to claim 3 or 4 from which a single crystal ingot is cut with cutting 
equipments, such as a band saw, an inner circumference cutting edge, and a peripheral cutting edge. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cutting process of the single crystal ingot which used the evaluation approach of a 

single crystal ingot, and this. 

[0002] 

[Description of the Prior Art] Conventionally, the single crystal ingot of silicon carry out grinding of the periphery section of a single 
crystal ingot to the shape of a cylinder, before perform wafer cutting, and it consist of a crop process cut to the ingot segment of the 
predetermined die length which can be supply to the equipment ( slicing equipment) cut in wafer thickness, such as a peripheral 
cutting edge and a wire saw, after cut off a part for the process to which the cylinder of a predetermined dimension be make, the top 

unusable as a product, and a tail part ( refer to drawing 4 ). 

[0003] In order to check an oxygen density and resistivity at the time of a crop process, the slag sample is sampled by the thickness of 
about 2mm. After the oxygen density performed surface treatment, such as etching, grinding, and polish, at this time, as shown in 
dxawijlg 3. , it had measured by the infrared absorption from [ of the slag sample 10 ] thickness. Moreover, resistivity was able to 
predict resistivity quite correctly from the crystal location by a segregation coefficient etc. to count. 

[0004] However, the oxygen density was difficult to be easy to change and to predict correctly by fluctuation of a crystal pulling 
process. For this reason, when the specification of an oxygen density was severe, the slag sample needed to be sampled by quite fine 
frequency, and the yield aggravation by that sample cutting or effectiveness aggravation of a back process was caused. Moreover, 
however it might perform the sample check finely, a specification might be unable to be satisfied by fluctuation of a local oxygen 
density. 
[0005] 

[Problem(s) to be Solved by the Invention] The place which this invention is made in view of the technical problem which such a 
conventional technique has, and is made into the purpose is to offer the evaluation approach of the single crystal ingot which can 
respond also to fluctuation of a local oxygen density while predicting correctly the profile of the oxygen density in a single crystal 
ingot with a single crystal ingot. Moreover, another purpose of this invention is to offer the cutting process of the single crystal ingot 
which can contribute to shortening of a crop process and improvement in yield, and the increase in efficiency of a production process 
and improvement in productivity. 
[0006] 

[Means for Solving the Problem] That is, according to this invention, after carrying out cylindrical grinding of the single crystal ingot, 
the evaluation approach of the single crystal ingot which carries out incidence of the infrared radiation from the longitudinal direction 
of a single crystal ingot, and is characterized by measuring the oxygen density in a single crystal ingot from the absorption is offered 
with a single crystal ingot. At this time, it is desirable to measure the oxygen density in a single crystal ingot in this invention with 
infrared-absorption-spectrum equipment (IR) or Fourier transform infrared-absorption-spectrum equipment (FTIR). 
[0007] Moreover, the (b) single crystal ingot state after according to this invention being the cutting process of the single crystal ingot 
cut from a single crystal ingot to the ingot segment for slicing and carrying out cylindrical grinding of the (a) single crystal ingot, 
Carry out incidence of the infrared radiation from the longitudinal direction of a single crystal ingot, and an oxygen density is 
measured from the absorption, (c) The cutting process of the single crystal ingot characterized by cutting only the part which suits a 
predetermined oxygen density as an ingot segment for slicing from the data of the oxygen density obtained according to the process 
(b) is offered. 

[0008] At this time, it is desirable to measure the oxygen density in a single crystal ingot in this invention with infrared-absorption- 
spectrum equipment (IR) or Fourier transform infrared-absorption-spectrum equipment (FTIR). Moreover, it is desirable that a single 
crystal ingot is cut in this invention with cutting equipments, such as a band saw, an inner circumference cutting edge, and a peripheral 
cutting edge. 
[0009] 

[Embodiment of the Invention] By this invention, if the measuring method of the single crystal ingot concerning this invention is 
outlined, as shown in drawing 1 , after carrying out cylindrical grinding of the single crystal ingot 20, with the single crystal ingot 20, 
incidence of the infrared radiation 6 will be carried out from the longitudinal direction of the single crystal ingot 20, and the oxygen 
density in the single crystal ingot 20 will be measured from the absorption. Thereby, it not only can predict correctly the profile of the 
oxygen density in a single crystal ingot, but it can respond to fluctuation of a local oxygen density with a single crystal ingot. 
[0010] Moreover, since only the single crystal ingot which has shortening of a crop process and improvement in yield, and an oxygen 
density suitable for a predetermined specification since it is not necessary to sample a slag sample can be sent to a crop process, it can 
contribute to the increase in efficiency of a production process, and improvement in productivity. For example, although the 
specification check of an ingot segment was performed by measuring the oxygen density of a slag sample in the conventional method 
after performing a crop process as shown in drawing 4 Since the specification check of a single crystal ingot can be carried out by 
measuring the oxygen density of a single crystal ingot in this invention before performing a crop process as shown in drawing 2 , Only 
the part which suits a predetermined oxygen density at the time of a crop process can be cut as an ingot segment for slicing. 
[001 1] It is desirable to measure the oxygen density in a single crystal ingot in this invention with infrared-absorption-spectrum 
equipment (IR) or Fourier transform infrared-absorption-spectrum equipment (FTIR). At this time, as this invention shows to drawing 
6 , it is important to detect not at the peak of 1 107cm-l currently used by measurement of the oxygen density by infrared absorption 
from the former but at the peak of 1 720cm- 1 . This is in the condition of an ingot and is because it is undetectable with surface 
dispersion and an active jamming peak if it is going to detect the peak of 1 107cm-l. On the other hand, near the peak of 1720cm-l, 
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since there is no active jamming peak, it is suitably detectable also in the state of an ingot. 

[001 2] In addition, although it was detectable also by FTIR for the usual slag samples (wafer), since it was a very small peak, 
generally the peak of 1720cm- 1 was not used as an object for measurement detection of an oxygen density. However, in this invention, 
since the passage distance D of infrared radiation 6 can be earned by carrying out incidence of the infrared radiation 6 from the 
longitudinal direction of the single crystal ingot 20 as shown in drawing 1 , a peak which is sufficient for oxygen density detection can 

be acquired. 

[001 3] Moreover, although it can measure at intervals of arbitration in the die-length direction of a crystal in this invention, it is 
desirable to measure at intervals of 10-50mm from relation with the measuring time. This is because an unusual oxygen density may 
be unable to detect if the measuring time will start too much if it measures more finely than the above-mentioned range, and spacing is 
made large more than the above-mentioned range. 

[0014] Furthermore, if a measurement result is put in a database and it can be [ graph ] made to carry out in this invention-izing 
serially, while being able to judge immediately how it should cut, it is also possible to build the system which analyzes these data and 
directs a cutting location automatically. 

[0015] fn addition, in the state of a single crystal ingot, especially as measurable equipment, although not limited, QS-FRS (product 
made from Bio-Rad) is mentioned, for example. With a single crystal ingot, this can carry out incidence of the infrared radiation from 
the longitudinal direction of a single crystal ingot, and can measure the oxygen density in a single crystal ingot from the absorption, 
and the diameter of a single crystal ingot can apply it about the size of 1 50mm or less or 300nun or more. 

[0016] It is important for the single crystal ingot which is a device under test that cylindrical grinding is carried out beforehand in 
order to control surface dispersion. In addition, the grain size at the time of cylindrical grinding is [ that there should just be 70 or 
more ] measurable enough at the surface state of the usual cylindrical grinding. Moreover, as for the single crystal ingot which is a 
device under test, even cylindrical grinding is carried out, and even if the *♦** top and a tail are attached and it has cut them off, they 
are not cared about. Although it is [ the degree of freedom of a next crop process being / way / large, and having measured the oxygen 
density in as long the condition as possible, ] effective, a peripherial device and an installation may cut to suitable die length, and you 
may measure. 

[001 7] Next, the cutting process of the single crystal ingot using the evaluation approach of a single crystal ingot is explained. After 
this carries out cylindrical grinding of the (a) single crystal ingot, with (b) single crystal ingot, it carries out incidence of the infrared 
radiation from the longitudinal direction of a single crystal ingot, measures an oxygen density from the absorption, and cuts only the 
part which suits a predetermined oxygen density as an ingot segment for slicing from the data of the oxygen density obtained 
according to the (c) process (b). At this time, it graph-izes, and judges [ an output or ] whether it has agreed in the specification of an 
oxygen density, and the result of the measuring point of a single crystal ingot and an oxygen density is cut to a required ingot segment. 

[0018] Moreover, in this invention, while being able to perform the following slicing process more efficiently by dividing an ingot 
segment in consideration of the cutting process used at the following slicing process, the yield can be improved. For example, if the 
ingot segment cut regardless of the die length of an ingot segment since cutting time amount is almost fixed is the longest when 
carrying out slicing by the wire saw, it is known that productivity will become the highest. 

[0019] In addition, cutting equipments, such as a band saw, an inner circumference cutting edge, and a peripheral cutting edge, can be 

suitably used for cutting of a single crystal ingot 

[0020] 

[Example] Although this invention is further explained to a detail based on an example, this invention is not restricted to these 
examples. 

(An example, example of a comparison) Cylindrical grinding of the 8 inch single crystal ingot pulled up was carried out, and the 
oxygen density was measured from the absorption intensity of 1720cm- 1 every 10mm by QS-FRS (product made from Bio-Rad) 
(example [Ingot FTIR]). Then, after creating the slag sample of 2mm thickness and performing double-sided grinding for every 
suitable crystal die length, the oxygen density v/as measured from the absorption intensity of 1 107cm-l by the usual FTIR for wafer 
measurement (example of a comparison [Slag FTIR]). 

[0021 ] (Consideration) In the example, as shown in drawing 5 , it checked that the result measured in the example of a comparison and 
good coincidence were shown. Moreover, in the example of a comparison, as shown in drawing 5 , although the correspondence to 
fluctuation of a local oxygen density was difficult, since the part whose specification of an oxygen density does not suit can be 
checked beforehand, by the example, it can mitigate the danger of passing the single crystal ingot which does not suit a specification at 
the following process. Furthermore, when an ingot with a die length of 1000mm was measured at intervals of 10mm, the example was 
about 2 hours and processing in a short time was possible for it compared with the example of a comparison. 
[0022] 

[Effect of the Invention] While predicting correctly the profile of the oxygen density in a single crystal ingot with a single crystal 
ingot, by the evaluation approach of the single crystal ingot of this invention, it can respond also to fluctuation of a local oxygen 
density, as explained above. 

[0023] Moreover, it can contribute to shortening of a crop process and improvement in yield, and the increase in efficiency of a 
production process and improvement in productivity by using the cutting process of the single crystal ingot of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the explanatory view showing the measuring method of the oxygen density in the single crystal ingot of this 
invention. 

[Drawing 2] It is the flow chart which shows an example of slicing pretreatment of the single crystal ingot in this invention. 
[Pra\vingJJ It is the explanatory view showing the measuring method of the oxygen density in the conventional slag sample. 
[Drawing^4] It is the flow chart which shows an example of slicing pretreatment of the single crystal ingot in the former. 
[Drawing 5J It is the graph which shows the relation of the crystal die length (mm) and the oxygen density (ppma) in an example and 

the example of a comparison. 

LDrawing,6] It is the graph which shows an ingot and the FTIR absorption spectrum of a slag. 
[Description of Notations] 

2 [ - A slag sample (wafer) 20 / - A single crystal ingot, 30 / - Shaft. ] - The source of infrared radiation, 4 - An infrared detector, 6 
- Infrared radiation, 10 
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DRAWINGS 
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(57)Abstract 




PROBLEM TO BE SOLVED: To provide a method for evaluating a single-crystal 


ingot, capable of accurately inferring a profile of oxygen concentration in the ingot. 


while leaving the ingot as it is. and dealing with a local change of the concentration. 


and to provide a method for cutting the ingot using the same. 




SOLUTION: The method for evaluating the single-crystal ingot comprises the steps 



of cylindrically grinding the single-crystal ingot 20, then introducing infrared rays 6 
fi'om the lateral direction of the ingot 20. while leaving the ingot 20 as it is, and 
measuring the oxygen concentration in the ingot 20 from its absorption. 
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